T
HE ultimate capacity of a plant community to produce dry matter depends on the degree of exploitation of solar radiation (5). Net photosynthesis (Pn) should maximal when the foliage is dense enough to prevent sunlight from striking the soil, but not dense enough to cause basal leaves to be parasitic.
The term leaf area index (LAI), which is the ratio of leaf area to soil area, expresses leaf density for a plant community (12). As LAI increases so does light interception, causing increases in Pn up to a critical LAI value. Brougham (1) has shown that ryegrassclover mixtures increase in growth rate, with increasing light interception up to 95'°~. This corresponded to an LAI of 5. Additional foliage did not affect growth rate. Other investigators (4, 13) report an "optimum" LAI beyond which growth rate decreased rapidly. The mum" LAI for subterranean clover, TrifoIium subterraneum, (4) and kale, Brassica oleracea, (13) have been reported at 4.5 and 3, respecitvely.
"Optimum" LAI may be governed by many natural and imposed variables. Leaf arrangement and shape can affect the pattern by which light is intercepted and reflected in plant stands. Brougham (2) showed thai: ryegrass, with vertically disposed leaves, intercepted less light per unit LAI than clover, with more horizontal leaves. Leaf age, a as well as climatic factors, may alter the "optimum" LAI. There is evidence that the optimum LAI varies seasonally (9), being higher under high light intensities of summer than at other times of the year. This indicates that such factors as geographic location and diurnal fluctuations (2) also affect the optimum ~LAI.
Orchardgrass, Dactggis glomerata L., and other perennial forage species have low yield capacities when compared to many other crops (e.g., corn). Since most of the dry matter accumulated by a plant community comes from the photosynthetic fixation of COo, measurements of net CO_o uptake afford a rapid estimate of yield potential. The effect of LAI; leaf shape, age, and orientation; light interception; and other parameters on the net CO,_, uptake of forage stands should give information on maximizing growth rate.
Experiments reported here were designed to study Pn at various light intensities as related to LAI and light interception by orchardgrass foliage.
MATERIALS AND METHODS
In October 1963, orchardgrass tillers were planted in cylinders cut from 55-gallon drums and placed in the soil with a 4-inch rim above the soil surface. In April 1964, 100, 44, and 83 pounds per acre of N, P, and K, respectively, were applied to the plots (cylinders). Adequate moisture was maintained throughout the experiment. In early June, after a dense stand developed, the plots were cut back to 8 inches.
Defoliatmn treatments were established on 21 uniform plots to study the effects of LAI on light interception and Pn. LAI ranges were established by (A) age and (B) cutting. 553 date, light interception, net CO_o uptake, and LAI were measured on grass stands previously cut to 2 inches and allowed to regrow for 1, 2, 3, or 4 weeks. There was a maximum deviation of four days from given ages because of the time required for making measurements. (B) After measuring light interception and net CO.o uptake on the oldest stand in the (A) series, the grass was cut from approximately 13 inches to a 7-inch height and then back to 4 inches. Light interception and net CO.~ uptake measurements were made at each height. After net CO= uptake and light interception measurements were made the stand was cut to 1 inch. Leaf area was measured on foliage removed at each cutting. Data were obtained on 3 replications when the oldest stands were 3 weeks old; 3 other replications were measured 1 week later. The measurements described were made in July; 2 replications of the same treatments were conducted in September with grass 1, 2, and 3 weeks old.
Light intensity was measured with a selenium photocell mounted on a probe and covered by half of a ping pong hal.l painted with white enamel. The photocell was connected to a microammeter and calibrated against a Model 736 Weston illumination meter. Calibration ~vas done between 11 a.m. and 12 noon using cheese cloth shade screens.
Light interception xvas estimated by measuring light intensity above and at the base of the orchardgrass. Percent light intercepted was calculated by the following equation:
where I~ -~-light intensity of the ĩ measurement at the base of the sod where Io ---~ light intensity above the stand where ~---~ number of measurements taken at the base of the sod (5 in these experiments)
The photosynthetic chamber used in July considered of 5-mil /vIylar plastic stretched over a frame 2 feet in diameter and 13 inches high. The base of the frame was a 3-inch rim cut from a 55-gallon drmn; thin L-shaped braces welded to this base supported the plastic. Sunlight was reduced 13'% inside the chamber. A fan and cooling coil were mounted on the side of the chamber to control temperature and circulate air. The chamber was sealed to the plots with a 3-inch rubber band. The chamber used in September was similar, except that it was made of plexiglass ( Figure 1 ).
Net CO= uptake was measured as follows: Air was drawn from about 15 feet high through 1/2-inch plastic tubing by an air pump and then pushed through the chamber at a rate of 40 liters min-L The air was sampled for CO,.. alternately at the intake and outlet by pulling air through a drying column and into an infrared gas analyzer. In September the flow rate was increased to 150 liters min -t and measurements of CO_~ uptake were made by the differential CO,., method of Hesketh and Moss (7}. Light intensities were varied by shading the chamber with cheese cloth shades.
Chamber temperature was controlled thermostaticatly by a refrigeration unit connected to the coil on the side of the chamber by 15-foot refrigerant hoses. In July, temperature was controlled at 18 + 4C. and in September at 21~---1C. Refrigerant remaining in the 15-foot hose after the desired temperature in the chamber had been reached, caused over-cooling in the July experiment. A solenoid valve was installed at the coil for the September experiment to stop refrigerant flow at the end of the cooling cycle. Temperature inside the chamber was monitored with copperconstantan thermocouples connected to a potentiometric recorder. The analyzing equipment and refrigerator were mounted in a pick-up truck which was maneuvered between plots.
To measure leaf area, a subsample of 20 randomly selected leaves were cut to 5-cm. lengths and their total area calculated. The herbage from the plot and the subsample was oven dried and weighed. The ratio of dry weight to leaf area in the subsample was used to calculate the leaf area.
Net CO= uptake by individual leaves was measured in chambers consisting of two ~/8-inch plexiglass sheets {3 x 5 inches) with
